The occurrence of paraesthesiae during occlusion of the circulation to a limb (ischaemic paraesthesiae) and after its restoration (post-ischaemic paraesthesiae) is well recognized. The ischaemic paraesthesiae consist of a soft, diffuse, tingling sensation felt at the periphery of the limb and lasting only a few minutes. The post-ischaemic paraesthesiae, which have been well demarcated by Merrington and Nathan (1949) , are of four types: thermal, which are hot and cold sensations felt soon after restoration of the circulation to the limb; tingling, a soft, diffuse, vibrating feeling; pricking, composed of numerous, irregular, fine, discrete pricks; and pseudo-cramp, in which a sensation of movement in and tension of the muscle is experienced.
The site of origin of these phenomena has been the subject of differing opinions. Weddell and Sinclair (1947) thought that, though the ischaemic paraesthesiae arose from the nerve trunk, the postischaemic paraesthesiae had their origin in the sensory end-organs. Lewis, Pickering, and Rothschild (1931) , Bazett and McGlone (1932), and Zotterman (1933) , on the other hand, have all considered that the post-ischaemic paraesthesiae arise in the nerve trunk. The careful studies of Merrington and Nathan (1949) have indicated that this latter view is correct.
The primary purpose of the present work was to study the development of ischaemic and postischaemic paraesthesiae in the legs of patients suffering from sciatic pain due to a prolapsed intervertebral disc. Previous studies of ischaemic and post-ischaemic paraesthesiae have been concerned with the upper limb. It was, therefore, necessary first to study the development of these phenomena in the lower limbs of normal subjects to establish norms.
Material and Methods
The studies on subjects with sciatica were made on 21 patients with unilateral sciatic pain believed to be due to prolapse of an intervertebral disc.
Six of these patients came to operation and a prolapsed disc was found. The studies on normal subjects were made on a series of volunteers, some accustomed to clinical experiments, others entirely unused to such procedures. All the observations were made in the following way. The subject lay supine and a sphygmomanometer cuff 13 cm. wide was placed around the thigh with its lower margin 7-5 cm. above the upper border of the patella. The limb was elevated to empty the veins and then the pressure in the cuff was rapidly raised to 200 mm. of mercury. The limb was then lowered to the horizontal and the occlusion maintained for 20 minutes. The time of onset of the ischaemic paraesthesiae was measured from the moment of occluding the circulation. The time of onset of the various post-ischaemic paraesthesiae was measured from the moment of the release of the occlusion. All tests were done at room temperature, and no limb was retested within 24 hours of a previous test. When both legs of a subject were tested they were done separately so as to facilitate unbiased observation of each limb.
The classification of the paraesthesiae used here is that of Merrington and Nathan described above. Attention was concentrated on the ischaemic paraesthesiae and on the thermal, tingling, and pricking types of post-ischaemic paraesthesiae. With a period of occlusion of 20 minutes pseudo-cramp occurs inconstantly and so was not studied. Because of the subjective difficulty of recognizing the disappearance of the paraesthesiae or of assessing their severity, interest was mainly devoted to the time of onset of the phenomena and not to their duration or intensity.
Results
Occlusion of the circulation to the lower limb for 20 minutes and its subsequent restoration produced exactly the same kinds of ischaemic and postischaemic paraesthesiae as have been described by Merrington and form of paraesthesia does not follow a normal distribution curve but shows a wide variation and is not so constant as might be expected from the reports of studies on the upper limb. Repeated tests on the same leg in a series of normal subjects (Table III) did not show any greater constancy in the time of onset of the various paraesthesiae. Despite this wide variation, however, the order of onset of the post-ischaemic paraesthesiae was invariably thermal, tingling, and pricking, and there was not a single t= 2-390 for ischaemic (significant at the 2 5% level), 1-679 for thermal, 0-493 for tingling, and 1-268 for pricking, all of which are not significant. paraesthesiae, the onset being accelerated on the affected side. No difference was found with regard to the post-ischaemic paraesthesiae. As a further control a series of 12 normal subjects was tested (Table VI) and again compared by the t test but no significant difference was found in either the ischaemic or post-ischaemic paraesthesiae in the two legs.
Examination of the figures for the times of onset of the ischaemic paraesthesiae in the subjects with sciatica (Table V) shows that they can be divided into two groups. In eight cases the length of time before ischaemic paraesthesiae developed in the affected leg was less than half the value for the non-affected leg, whereas in the other 10 cases the time was approximately equal on the two sides. It seems, therefore, that the significant difference between the values on the affected and non-affected sides in the whole group is due to the large difference in these eight cases.
A study of the clinical records in these eight cases showed that in every case there was an indisputable neurological signs, the remaining seven cases having sciatic pain and the orthopaedic signs associated with a prolapsed disc. The marked acceleration in the time of onset of the ischaemic paraesthesiae in sciatica due to a prolapsed disc does, therefore, appear to be related to the degree of damage to the nerve as measured by the neurological signs.
Discussion
Though prolapse of an intervertebral disc is well established as a cause of sciatic pain, there is considerable evidence to show that its mode of action is far from simple. Falconer, McGeorge, and Begg (1948) have shown both from myelographic and operative studies that sciatic pain may disappear though the prolapse persists. They also found evidence of delay in the passage of nerve impulses through the affected nerve root. They commented: " The production of sciatica thus depends on the association of two factors, the presence of a disc prolapse and changes within the nerve root." Malcolm (1951) studied the reflex time of reflexes mediated through affected roots and also found a significant delay.
The present studies adduce evidence of there being changes not only in the root but also in the nerve well peripheral to the site of disc compression. Though one might expect delay in the time of onset of post-ischaemic paraesthesiae due to slowing of conduction through the nerve, this method is much too crude a measure to detect any evidence of such a delay. Hence restoration of the blood supply to the affected and non-affected legs reveals no significant difference in the time of onset of the postischaemic paraesthesiae. In the case of the ischaemic ISCHAEMIC AND POST-ISCHAEMICPARAESTHESIAEINNORMALS AND SCIATICS 245 paraesthesiae also there is no delay, but in fact their time of onset is accelerated to a significant degree in the affected leg. As the portion of the nerve from which the paraesthesiae arise is well peripheral to the site of disc compression, there is thus evidence of changes in the periphery of the nerve of such a nature as to impair its ability to withstand ischaemia. These studies provide no evidence as to the nature of these changes. Such pathological observations as have been made (Denny-Brown, 1933) have only shown oedema of the nerve trunk, but there may well be other changes in the myelin sheath which impair the functioning of the nerve.
It seems clear, however, that these changes, whatever their nature, are such as to render the nerve more sensitive to one form of insult, namely, ischaemia. This raises the possibility that these changes in the periphery of the nerve may make an important contribution to the symptomatology of the prolapsed disc, especially in the intractable cases which fail to gain relief even from operation. These considerations seem worthy of further study.
Summary
The times of onset of ischaemic and post-ischaemic paraesthesiae have been studied in the lower limb.
Evidence is presented that the onset of ischaemic paraesthesiae is accelerated in a limb in which sciatic pain due to a prolapsed intervertebral disc is present.
Observations are described which suggest that in the presence of a prolapsed intervertebral disc there are important changes in the periphery of the nerve.
